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BELLCOMM. INC. 
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: Review of  AAP I / C  Pane l  
I n s t r u m e n t a t i o n  and Communi- 
c a t i o n s  I n t e r f a c e  C o n t r o l  
Documents - Case 620 

1 . 0  I n t r o d u c t i o n  

DATE: F e b r u a r y  1 5 ,  1968  

FROM: A .  G. Weygand, Jr. 

T h i s  memorandum c o n t a i n s  comments on t h e  d r a f t s  o f  
t h e  f o l l o w i n g  documents p r e p a r e d  f o r  t h e  Apollo A p p l i c a t i o n s  
Program ( A A P )  I n s t r u m e n t a t i o n  a n d  Communications ( I / C )  P a n e l .  

Saturn/AAP Frequency P l a n ,  I n s t r u m e n t a t i o n  and 
Communications I n t e r f a c e s ,  50M13120, d r a f t ,  
d a t e d  , I  t n u 3 ~ 3 7  8 ,  1968. 

L M - A / A V  /MSFN I n s t r u m e n t  a t  i o n  and Communi c a t  i o n s  
Per formance  and I n t e r f a c e  Snec i  f i c a t i o n ,  
50M13127, d r a f t ,  d a t e d  J a n u a r y  8 ,  1 9 6 8 .  

M u l t i p l e  Docking Adapter  t o  A i r l o c k  Module 
I n s t r u m e n t a t i o n  and Communications I n t e r -  
f a c e ,  50M13122, d r a f t ,  dated J a n u a r y  8 ,  1 9 6 8 .  

O r b i t a l  Workshop t o  A i r l o c k  Module Ins t rumen-  
t a t i o n  and Communications I n t e r f a c e ,  50M13121, 
d r a f t ,  d a t e d  J a n u a r y  1 9 6 8 .  

Command S e r v i c e  Module t o  n l u l t i p l e  Docking 
Adap te r  I n s t r u m e n t a t i o n  and Communi.cations 
I n t e r f a c e ,  50M13125, d r a f t ,  d a t e d  J a n u a r y  8 ,  1968.  

Apo l lo  T e l e s c o p e  Mount to Lunar  Module I n s t r u -  
m e n t a t i o n  and Communications I n t e r f a c e ,  
50M13123, d r a f t ,  d a t e d  J a n u a r y  8; 1 9 6 8 .  

Lunar Module t o  Mul t iD le  Docking AdaDter 
I n s t r u m e n t a t i o n  and Cbmmunications I n t e r f a c e ,  
50M13124, d r a f t ,  d a t e d  J a n u a r y  8 ,  1968 .  

2 . 0  Saturn/AAP Frequency  P lan  

Some g e n e r a l  comments which a p p l y  t o  more t h a n  one 
o f  t h e  AAP m i s s i o n  c o n f i g u r a t i o n  r a d i o  f r e q u e n c y  summary s h e e t s  
f o r m i n g  t h e  Saturn/AAP Frequency  P l a n  a re  l i s t e d  be low.  
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( a )  An X--band r endezvous  rad3.r t r a n s p o n d e r  w i l l  b e  
c a r r i e d .  by t h e  P:!DA/AM/GYS and. w i l l  be a c t i v e  
o n l y  d u r i n g  t h e  p e r i o d  o f  CSN/I,M/ATP rend-e zvous 
w i t h  t h e  MDA/A-M/OWS. 

( b )  The p e r i o d s  o f  a c t i v i t y  o f  t h e  VHF r a n g i n g  
t r a n s p o n d e r  u n i t  c a r r i e d  by t h e  D'IDA/AM/GlJS 
w i l l  o n l y  b e  d u r i n g  r e n d e z v o u s  o f  CSN w i t h  
14DA/Ab?/OWS a n d  d u r i n g  r e n d e z v o u s  o f  CSM/LY/ATP/: 
v i  t h  t h e  MDA/AK/GWS . 
Phe  EDAS w i l l  n o t  be  u s e d  and  r e f e r e n c e  to i t  
j I 1") ; shou ld  b e  d e l e t e d .  

( d )  ;Each o f  t h e  VHF/FN t r a n s m i t t e r s  o f  t h e  AT4 may  b e  
' m o d u l a t e d  by d a t a  from a v a r i e t y  o f  d i f f e r e n t  
/ s o u r c e s  s e l e c t a b l e  by crew o r  ground command i n  
o r d e r  to p r o v i d e  o p e r a t i o n a l  f l e x i b i l i t y  j n t h e  

' e v e n t  o f  t r a n s m i t t e r  f a i l u r e  ( e . g . ,  t h e  230.4 MIiz 
F14 t r a n s m i t t e r  may b e  modu la t ed  by waveforms 
o t h e r  than t h e  r e a l - t i m e  I'CN d c l t a  s t r e m ) .  The 
e x t e n t  of t h i s  f l e x i b i l i t y  h a s  as y c t  n o t  been  
d e f i n e d  . 

( e >  LM s y s t e m s  w i l l  not b e  a c t i v a t e d  d u r i n p  t h e  l a u n c h  
p h a s e  b e c a u s e  o f  t h e r m a l  c o n t r o l  p r o b l e m s .  Under 
c u r r e n t  p l a n s  i n  t h e  Apo l lo  Program, t h e  1,M w i l l  
not be  a c t i v a t e d  u n t i l  t h e  CSM h a s  d-ocked w i t h  
t h e  1,DI and  t h e  LM has been  s e p a r a t e d  f rom t h e  
l a u n c h  v e h i c l e .  A m a j o r  impac t  on LJY systems 
d e s i g n  would result i_f t h 5 s  mode of  o p e r a t i o n  
were changed for AAP m i s s i o n s  i n  order to a1 .10~ 
o p e r a t i o n  o f  the LN VHF communica t ions  s y s t e m  i n  
its VHF rangi .ng t r a n s p o n d e r  mode d u r i n g  r e n d e z v o u s  
of the CSM w i t h  the T,M/A?'n'I. C o n s e q u e n t l y ,  i t  i s  
l i k e l y  t h a t  a V H F  r a n g i n g  t r a n s p o n d e r  w i l l  be 
i n s t a l l e d  i n  t h e  S-IVB/IU f o r  miss?-on  A A P - 4  ( a n d  
p o s s i b l y  f o r  m i s s i o n  AAP-2) to f a c i l i t a t e  r e n d e z -  
vous  o f  t h e  CSN w i t h  t h e  LM/ATF?. 

I n  t h e  r a d i o  f r e q u e n c y  summary s h e e t  for m i s s i o n  
AAP-1 a.nd AAP-2 (docked  c o n f j g u r a t i o n ) ,  i t  s h o u l d  b e  n o t e d  
t h a t  the CSrn w i l l  n o t  be  equ ipped  w i t h  e i t h e r  a n  X-band 
r e n d e z v o u s  r a d a r  or a n  X-band r e n d e z v o u s  r a d a r  t r a n s p o n d e r .  

The SS/FPl t e l e m e t r y  l i n k  from t h e  IU(PS-1) o p e r a t i n g  
a t  2 5 9 . 7  KHz d u r i n g  m i s s i o n  AAP-11 must  b e  made i n a c t i v e  a t  
t h e  t e r m i n a t i o n  o f  l a u n c h  powered f l i g h t  or its f r e q a e n c y  

I 
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changed because it would otherwise interfere with the VHF 
ranging system of the CSDl during rendezvous of the CSM with 
the LM/ATM. 

In the radio frequency summary sheet for mission 
AAP-5, the 2272.5 MHz transmitter is an S-band transmitter. 

3.0 LM-A/ATM/MSFN Instrumentation and Communications Performance 
and Interface Specification 

The contents of any spacecraft/MSPN performance and 
interface (P&I) specification should contain all of the trans- 
mission and modulation characteristics of the spacecraft and 
MSFN communications systems as well as all of the link perform- 
ance requirements necessary t o  permit the calculation of the 
communications performance margin of each of the communications 
links between the spacecraft and the MSFN. Tn general, the 
LM-A/A.TM/MSFN P&I specification does not contain enough infor- 
mation to permit these calculations to be made. 

The LM-A/ATM/MSFN P&I specification does not contain 
performance requirements for telemetry, command, or voice 
communications links between the LM-A/ATM and the MSFN. The 
Apollo Program Specification for the LM/MSFN and the CSM/MSFN 
communication links contains the following performance require- 
ment s : 

(a) Voice - The required minimum normal mode word 
intelligibility shall be 90 per cent based on 
the "American Standard Method for Measurement of 
Monosyllabic Word Intelligibility Test Guide.'' 
The required minimum S-band backup mode word 
intelligibility shall be 70 per cent. 

telemetry link shall be less than one error in 
10 bits. 

(b) Telemetry - The performance requirement for the 
6 

(c) Up-data - The requirement for the up-data link 
shall be that no more than one correct message; 
shall be rejected per 1000 messages and that the 
probability of accepting a false message shall 
be less than one in lo9 messages. 
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It i s  recommended t h a t  t h e s e  r e q u i r e m e n t s  be  
i n c l u d e d  i n  t h e  L~Y-T-A/ATTJr/I4SFN P & I  s p e c i f i c a t i o n .  It i s  a l s o  
s u g g e s t e d  that  a minimu-m r e q u i r e d  s l g n a l - t o - n o i s e  r a t i o  a t  
some p o i n t  i n  t h e  r e c e i v i n g  s y s t e m  equ ipmen t  o f  e a c h  communi- 
c a t i o n  l i n k  be  s p e c i f i e d .  

The LM P & I  s p e c i f i c a t i o n  f o r  t h e  A p o l l o  Program 
should.  b e  i n c l u d e d  i n  t h e  LM-A/ATM/I,ISFM P&I s p e c i f i c a t i o n  as 
a r e f e r e n c e  document .  I n  a d d i t i o n ,  i t  i s  recommended t h a t  
a l l  e n t r i e s  i n  t h e  LM-A/ATM/MSFN P&I s p e c i f i c a t i o n  d e s c r i b i n g  
t h e  LI'4/TC?FN communica t ions  i n t e r f a c e  be d i r e c t  e x t r a c t i o n s  
from t h e  LDI/T*ISFI?T P&I s p e c i f i c a t i o n .  O f  c o u r s e ,  a l l  r e f e r e n c e  
to and. c h a r a c t e r i s t i c s  o f  t h e  LM S-band s t e e r a b l e  and e r e c t -  
ab l e  a n t e n n a s  and RF a n g l e  t r a c k  s y s t e m  s h o u l d  be  d e l e t e d  
from any s u c h  e x t r a c t i o n .  F u r t h e r m o r e ,  new va . lues  o f  LM 
" o m n i - d i r e c t i o n a l "  a n t e n n a  r a d i a t i o n  c o v e r a g e  ( n o t  l e s s  t h a n  
___-- dB w i t h  r e s p e c t  to a RCP t h e o r e t i - c a l  l o s s l e s s  i s o t r o p i c  
r a d i a t o r  o f  - p e r  c e n t )  a s  a f u n c t t o n  of  m i s s i o n  c o n f i g u r a t i o n  
(LM/ATM, CSM/LX/ATIJI, L ~ / A T ~ ~ / ? ~ ~ A / P - Y , ~ / ~ ~ ~ ~ S  , e t c  . ) m u s t  be u s e d .  
The v a l u e  o f  -3 d B  f o r  t h e  LN S-band o m n i - d i r e c t i o n a l  a n t e n n a  
r a d i a t i o n  c o v e r a p e  l i s t e d  i n  Table 1 arid T a b l e  4 aiipear>s much 
too o p t i m i s t i c  to b e  a p p l i c a b l e  when the LM/ATM 5 s  d-ocked to 
t h e  MDA/AM/Ok!S. It i s  a l s o  recommended t h a t  a l l  o f  t h e  v a r i o u s  
modes o f  o p e r a t i o n  o f  t h e  LP? U n i f i e d  S-Band s j7s ten  e q u i p e n t  
which c o u l d  b e  u s e d  d u r i n g  mi-ss ion  AAP-4 be  i n c l u d e d  i n  LM-A/ 
ATM/MSFN P&I s p e c i f i c a t i o n  comple te  w i t h  co r re spond ing ;  LP,! and 
MSFN equipment  t r a n s m i s s i o n  c h a r a c t e r i s t i c s .  

The LM-A/ATM/MSFN P&I s p e c i f i c a t i o n  shou.1.d be amended 
to i n c l u d e  LM and MSFN equipment  c h a r a c t e r i s t i c s  for a VHF 
v o i c e  communica t ions  l i n k  between t h e  LP-! an$  ?'SSFN. I t  should.  
a l s o  be n o t e d  t h a t  LM and MSFN equipment  t r a n s n i s s i - o n  c h a r a c -  
t e r i s t i c s '  u s e d  f o r  S-band v o i c e  commumlca~tions were o m i t t e d  
f rom t h i s  document .  

* 
It i s  recommended t h a t  i n f o r m a t i o n  on t h e  X-band 

r e n d e z v o u s  radar  and  t r a n s p o n d e r  and  on t h e  VHF r a n g i n g  
s y s t e m  be  d e l e t e d  from t h i s  document b e c a u s e  t h e s e  s p a c e c r a f t  
s y s t e m s  do n o t  i n t e r f a c e  w i t h  t h e  NSFN, b u t  r a t h e r  i n t e r f a c e  
w i t h  o t h e r  s p a c e c r a f t  modules .  

4 . 0  Mod-ule to Module I n t e r f a c e  C o n t r o l  Documents I 

These  module to module i n t e r f a c e  c o n t r o l  documents  
a re  c o n c e r n e d  e x c l u s i v e l y  w i t h  hardwire  i n t e r f a c e s  be tween t h e  
v a r f o u s  s p a c e c r a f t  modules  of m i s s i o n s  AAP-1 t h r o u r h  PAP-4. 
However, t h e r e  a l s o  e x i s t  r a d i o  f r e q u e n c y  i n t e r f a c e s  be tween 
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t h e  T2JI and  CSr4 (KIP v o i c e ,  t e l e m e t r y  and  r a n g i n g  c o m m u n i c a t i o n s ) ,  
be tween  t h e  CSP? and  t h e  YFA-/P.l!/Ol.!S ( V H F  r a n g i n g  communica t ions  ) ,e 

betvieen t h e  LY and  t h e  !:'IDA/A!!/O!:?S (X-band r e n d e z v o u s  rad-ar 
c o m m u n i c a t i o n s ) ,  ar,d b e t v e e n  an  e x t r a v e h i c u l a r  crewman equipped.  
w i t h  a p o r t a b l e  l i f e  s u p p o r t  s y s t e m  (PLSS) and  t h e  CSP? a n d / o r  
t h e  124 (VHT v o i c e  and  t e l e m e t r y  commu.nications) which a l s o  
must  b e  s p d c i f i e d  to t h e  same d e g r e e  as s u g g e s t e d  f o r  i n c l u s i o n  
i n  t h e  LT.I-A./ATT.'i/MSFN P & I  s p e c i f i c a t i o n  ( S e c t i o n  3 . 0 ) .  I n  
a d d i t i o n ,  t h e r e  a l s o  e x i s t s  a ha.rd.wire communica t ions  i n t e r -  
f a c e  be tween t h e  LPl and  t h e  CSM a.nd be tween t h e  PLSS and  t h e  
NDA/ N/Ob!Si which must  b e  documented.  

:Gene ra l  comments on t h e  s p e c i f i c  module to module 
h a r d k r e  i n t e r f a . c e  c o n t r o l  documents  reviewed.  a.re c o n t a i n e d  
i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

I 
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4.1 'Apollo __._____.__-__I T e l e s c o p e  Mount to Lunar  Module I n s t r u m e n t a t T o n  
and  Conimuri icai ior i  i n t e r f a c e  

I 

The f o l l o w i n g  e l e c t r o m a g n e t i c  i n t e r f e r e n c e  c o n t r o l  
and  e l e c t r o m a g n e t i c  c o m p a t i b i l i t y  s g e c i f i c a t l o n s  shou3.d b e  
i n c l u d e d  i n  S e c t i o n  5 . 1 . 1 ,  (Electromagnetic I n t e r f e r e n c e  
Control), o f  t h i s  i n t e r f a c e  c o n t r o l  document .  

( a )  Lunar  Module M I L - I - ~ ~ ~ O O  w i t h  addendum 
MSC-EMI- 1 0  A and  M 1 ~ E - 6  0 5 1. 

( b )  A p o l l o  T e l e s c o p e  Dlount MIL-I-6181D and. MIIJ--E-6051C. 

A s3 .ngle  p o i n t  n e g a t i v e  groundj -ng  sys t em for t h e  
combrined. LM and  ATP4 a p p e a r s  to be spec i . f i . ed  i n  t h T s  r i n t e r f a c e  
c o n t r o l  document ,  b u t  t h e  manne.r j.n which  t h i s  s p e c i f i c a t i o n  
w i l l  b e  implemented  h a s  been o m i t t e d .  T h i s  d e s i g n  implementa-  
t i o n  i n f o r m a t i o n  i s  r e q u i r e d  to d e f i n e  t h e  i n t e r f a c e  be tween 
t h e  i n s t r u m e n t a t i o n  and t e l e m e t r y  s y s t e m  o f  t h e  LM and t h e  
i n s t r u m e n t a t i o n  and  t e l e m e t r y  s y s t e m  o r  the ATM and  s h o u l d  b e  
i n c l u d e d  i n  t h i s  document.  

4 . 2  M u l t i n l e  -2 Jlocltinp; Adap te r  to A i r l o c k  Module Tns t rumen ta t i . on  
and  Communication I n t e i - f a c e  

P r e c i s e  knowledge o f  where e x p e r i m e n t  s o 6 9  (X-ray 

_____.I_- 

Astronomy) i s  p o i n t i n g  i s  r e q u i r e c !  to r i n t e r p r e t  t h e  data  
g a t h e r e d  by t h e  e x p e r i m e n t .  C o n s e q u e n t l y ,  s p a c e  v e h i c l e  a t t i t u d e  
a n d  t i m i n g  da t a  i s  r e q u i r e d  as  i n p u t s  to e x p e r i m e n t  SO69 3.n o r d e r  
to e n a b l e  cor re1 .a - t ion  o f  X-ray c o u n t  d a t a  w i t h  c e l e s t i a l  l o c a t i o n  
o f  X-ray  s o u r c e s .  The d a t a  mana.gei:ient s y s t e m  o f  this e x p e r i m e n t  
h a s  t h e  c a p a b i l i t y  to i n c o r y o r a t e  t h e s e  d a t a .  i n t o  j.ts o u t p u t  i f  
t h e  d a t a  i s  s u p p l i e d  to t h e  e x p e r i x e n t .  S i n c e  t h e s e  data are 

I 
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n o t  a v a i l a b l e  from ItDA s y s t e m s ,  t h e s e  d a t a  must be s u p p l - i e d  
t h r o u g h  t h e  CSN/b‘Dk hardwri-re i n t e r f a c e  or t h e  AM/I’.‘IDA h a r d w i r e  
i n t e r f a c e  and  s h o u l d ,  t h e r e f o r e ,  be  d e s c r i b e d  i.n t h e  a p p r o p r i -  
a t e  i n t e r f a c e  c o n t r o l  document .  

The coninents c o n t a i n e d  j n  Sec t i .on  4 . 1  c o n c e r n i n g  
s i n g l e  p o i n t  g r o u n d i n g  sys t em a l s o  a p p l y  to t h i s  document .  

4 . 3  , O r b i t a l  Workshop to A i r l o c k  ~ ~ . _  I’odule I n s t r u m e n t a t i o n  
a n  d C omni un i c at i on I n  t e 1’ f a  c e 

;The  comrnents c o n t a i n e d  i n  S e c t i o n  4 . 1  c o n c e r n i n g  
s in$e  p o i n t  g r o u n d i n g  sys t em also a p p l y  t o  t h i s  document .  

_________I 

I__ _____- I I 
1 I 

’ 4.4 --___ Lunar  Nodule t o  P I u l t i p l e  ~ Dockring A d a p t e r  -__I- 1 n s t r u m e n t a . t i o n  -. (I and Communication -__ I n t e r f a c e  
i 

An a d d i t i o n a l  p a r a g r a p h  i s  r e a - u i r e d  to u”esci-ri.be t h e  
caution and  warn ing  s y s t e m  p o r t i o n  o f  the L,N/I’liPA hardwi- re  
i n t e r f a c e .  The c a u t i o n  and warn ing  s y s t e m  desj-gn o f  the CSM, 
L!l/RT~.I, a n d  !:DA/AT,.7/O\$S i s  such t h a t  vhen a f a u l t  cccurs i:: 
one o f  these, a. d i s c r e t e  closure i s  pi-ovlded to t h e  o th t ? r  two 
for a c t i v a t i n g  a n  alarm and a fau1.t a d v i s o r y  p a n e l  l i g h t  l o c a t e d  
i n  e a c h .  T h i s  c a u t i o n  and  warn ing  system d 5 . s c r e t e  closure cap- 
a b i l i t y  may also be  u s e d  for t r a n s f e r r i n g  wake-up or c a l l  
s i g n a l s  t o  a modu1.e b y  a c t t v a t i n c  t h e  alarm s y s t e m s  o f  t h e  
v a r i o u s  modul-es and may be  i n i t i a t e d  from any module .  

4. 5 Coitmand S e r v i c e  Module to b’ lu l t ip le  3 o c k i n g  A d a p t e r  
________..____________I__ 

I n s t r u m e n t a t i o n  and Coininunication I n t e r f a c e  ___ ____ 

The comments c o n t a i n e d  i n  Sec1,ion 14.2 a.nd 11.11 also 
a p p l y  to t h i s  i n t e r f a c e  c o n t r o l  document .  
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